Abstract -Abstract Utilization of cassava flour in the food industry had weakness, which were less stability and low the paste resistance because it couldn't resist to heat and acid conditions. Fermentation was an alternative that can be done to improve the properties of starch polymers, such as viscosity, gelatinization, and rheology. The research were to characterize the physico-chemical and functional properties of fermented cassava flour by Lactobacillus casei using submerged and solidstate fermentation. The results showed that the whiteness degree of cassava flour fermented by Lactobacillus casei ranged from 98-100, higher than cassava flour without fermentation 97. Amylose content of cassava flour fermented using BAL in submerged culture (13.7%) higher than spontaneous fermentation in submerged culture (11.03%). Cassava flour fermented in submerged had WHC (326,7%) and OHC (710,3%) value higher than cassava flour in solid-state fermentation. Gelatinization temperature of fermented cassava flour was lower (69.7°C) than cassava flour non-fermentation (70.4°C). The viscosity of cassava flour fermented using BAL (5135 cP) had a peak value higher than the fermented cassava flour (4495 cP), with longer time (4.33 min) and lower temperature (72.55°C). It can be concluded the fermented cassava flour using submerged culture is better than solid culture.
INTRODUCTION
Using of cassava flour is very broad both as food and nonfood ingredients. For example, the use of cassava flour in the food industry is for thickener, and as a food stabilizing agent, while in the non-food industry such as paper, pharmaceuticals, and biofuel production. The resulting quality differences can be influenced by the nature or characteristics of cassava flour used. The use of cassava flour as the main ingredient in the industry has weaknesses and constraints, because of its limited nature and characteristics [1] . The limitations of the function of cassava flour are due to the stability, low paste resistance due to starch properties that are not resistant to heat and acidic conditions [2] . Modification of cassava flour is an alternative that can be done to improve the properties of starch polymers, such as paste viscosity, rheology that can improve the quality of snack products [3] .
According to Reddy [4] , starch functionality in food or non-food products depends on the physical properties of starch. The physical properties of starch are influenced by two main components in starch namely amylose and amylopectin. According to Matz [5] , the level of development and texture of snacks is influenced by the ratio of amylose and amylopectin. According to Balagopalan et al. [6] , the texture of starch-based products was obtained from changes in starch during and after cooking. Some factors that influence the product texture include gelatinization, expansion, viscosity, and retrogradation. pH factors on starch can also affect the quality of starch-based products. Reddy [4] , reported that lactic acid bacteria have amylolytic properties which are capable of producing amylase enzymes to degrade starch. Lactic acid bacteria will destroy the cellulose that wraps starch, so that a fine-textured flour is obtained. According to Rahman [7] , probiotic microbes that produce lactic acid fromspecies Lactobacillus produce cellulase enzymes.
Based on the above description, it can be done fermentation on cassava chips as a solution to increase the speed of gelatinization, increase the development power, viscosity, and retrogradation of the flour produced. Fermentation is carried out in submerged culture and / or solid culture, which is expected to improve the physicochemical and functional properties of cassava flour. Therefore, it is necessary to examine the physicochemical and functional characteristics of fermented cassava flour using commercial products of rich fermented milk Lactobacillus casei as starter. The purpose of this study was to determine the physicochemical and functional characteristics of cassava flour from fermented and dense culture using Lactobacillus casei.
II. METHODS

A. Materials
The main ingredients used in this study are cassava and "Yakult" beverage products as starter. Cassava was obtained from cassava sellers in Tanjung Market-Jember Regency East Java Indonesia, with the type of white cassava.
B. Methods
The research was carried out in five stages: the first stage was pre-process, the second stage was preparation of starter immersed culture carried out dilution of commercial products rich in fermented milk contain L. casei, as much as 65 ml diluted in 1500 ml of water was assumed to be 4.3 x 10 6 cfu / ml of bacteria for culture of solid commercial products rich L. casei-fermented milk 65 ml was taken 15 (1.5 x 10 9 cfu / ml bacteria), the third stage was the fermentation stage which was carried out in a plastic bag and placed in a room with a temperature of 28° C. Fourth, the siege and sifting, the fifth stage is the testing of the physicochemical and functional properties of flour fermented.
a. Fermentation stage. Solid fermentation was carried out without the addition of water, as much as 250 g of cassava chips added with commercial fermented milk rich in L. casei as much as 15 ml. The fermentation of submerged culture was done by adding water with a ratio of 1: 1, as much as 250 g of cassava chips were added with a starter which had been diluted by 250 ml (1.72 x 10 4 cfu / ml). Fermentation is carried out vulnerable at 24, 48 and 72 hours. After reaching the time of fermentation the material is taken and dried using sunlight.
b. The fifth stage, carried out white degree analysis [8] , moisture content [9] , swelling power [10] , measurement of thermal properties of flour using Differential Scanning Calorimetry (DSC) [11] , acidity (pH) of water soak, amylose content [12] , starch amylography profile using Rapid Visco Analyzer [13] , WHC and OHC [14] .
C. Analysis of pH value pH measurements are carried out using a pH meter. The sample in the form of liquid is taken about 50 ml then stirred until homogeneous then the pH is measured. The pH meter is standardized with a buffer solution at pH 4, pH 7 and pH 9. Electrodes are rinsed and dried with a tissue then dipped in a sample.
D. Analysis of whiteness degree
This analysis is carried out using a color reader. Before use, the color reader is calibrated with the GOLD trademark F4 paper standard. A number of ingredients are placed in a cup, then target the sample at five points to find out the values of L, a and b standard. The white degree is obtained based on the formula:
E. Analysis of water content
Content is carried out in accordance with the AOAC method. The water content analysis procedure begins with drying the weighing bottle for 15 minutes at a temperature of 100-105 ° C, then cooled in a desiccator for 15 minutes and weighed (a). The sample is weighed as much as 1 gram in a weighing bottle (b) then oven for 24 hours at a temperature of 100-105 ° C, then cooled in a desiccator for 15 minutes and weighed (c). Moisture content is calculated by the formula: % water content = (b-c) / (ba) × 100% Description: a = the weight of the bottle weighs empty (g) b = weight of the weighing bottle and sample (g) c = weight of the weighing bottle and sample after oven (g)
F. Analysis of amylose content
Amylose content is carried out according to the method of Apriyantono [12] . Sample amylose content is calculated based 
G. Analysis of thermal properties
Measurement of the thermal properties of cassava flour using Differential Scanning Calorimetry (DSC) tools [11] . The tool is calibrated using indium (melting point 156.78 ° C), 2 mg of sample is inserted into aluminum pan and hermetically closed. Measurements were carried out at a temperature range of 30-140 ° C with a heating rate: 10 ° C / minute to get the graph, then analyzed the crystalline temperature, glass transition, and enthalpy.
H. Analysis of amylographic profile
The modified gelatinization profile of cassava flour was analyzed using Rapid Visco Analyzer (RVA) [13] . A total of 3 g of sample (dry weight) was weighed in a container of RVA, then added 25 ml of aquadest. Measurements with RVA include the heating and cooling phase of the sample container with a rotational speed of 160 rpm. From this the peak viscosity is obtained, the temperature of the paste (the initial temperature of the increase in viscosity), the temperature of the peak viscosity, the heat viscosity (viscosity after heating 95 ° C for 5 minutes), the final viscosity (viscosity after cooling at 50 ° C for 2 minutes), viscosity breakdown relative (the ratio between the difference in peak viscosity, expressed in percent) and the relative reverse viscosity (the ratio between the difference in final viscosity and heat viscosity to the heat viscosity).
I. Analysis of swelling power
This analysis is carried out according to the method used by Darmawan [10] . A sample of 0.1 grams was put in 10 ml of distilled water. Mocaf solution was heated at 60 ° C for 30 minutes, then the resulting paste was centrifuged 2500 rpm for 15 minutes. Growth power can be calculated by the formula:
Growth power = (paste weight)/(sample dry weight) × 100% J. Analysis of water holding capacity and oil holding capacity Sample 0.1 g was suspended in 7 ml of water and shaken for 1 minute, then centrifuged at 3000 rpm for 10 minutes. The resulting supernatant is slowly discarded, the resulting sediment is weighed.
A sample of 0.1 g was mixed with 7 ml of vegetable oil and shaken for 1 minute. The starch suspense was centrifuged at 3000 rpm for 10 minutes, the resulting supernatant was slowly discharged, the resulting precipitate was then weighed [14] .
WHC/OHC = ((weight of the end-weight of the bottle)-weight of the sample)/(sample weight) × 100%
K. Data analysis
Data from observations using DSC and RVA tools were analyzed descriptively, while other research data were tested for diversity using ANOVA tables (α = 5%). Significantly different results continued using the least significant difference (LSD).
III. RESULTS AND DISCUSSION
A. pH value of modified cassava flour pH value is closely related to consumer acceptance of fermented cassava flour products. Controlled fermentation has decreased from 0 hours to 72 hours, from 6.95 to CK24 6.05; CK48 5,85; CK72 5.70 (Figure 1 ). This is thought to be due to the longer fermentation resulting in the accumulation of organic acids produced by metabolism during fermentation. The decrease in pH in CK is more stable than CS although there is no drastic decline, this is due to the help of lactic acid bacteria in CK. According to Prastyaharasti [15] , the decrease in pH value during fermentation is one proof of the accumulation of lactic acid as the main product of heterofermentative bacterial activity. The pH value which decreases due to longer fermentation. The longer the fermentation, the more amount of acid produced. Fermentation will produce volatile acids including lactic acid, acetic acid, formic acid, butyric acid and propionic acid. 
B. Whiteness Degree of modified cassava flour
The results of brightness measurements of fermented cassava flour in this study ranged from 97.13 to 100.77 ( Figure 2 ). CK72 has the highest brightness value of 100.77. This is possible to influence the cellulase enzyme produced by BAL during fermentation. Cellulase enzymes play a role in degrading cellulose which encapsulates starch in cassava so that starch is more easily released. Soaking chips using water or submerged culture fermentation can increase the whiteness degree of cassava flour. This is because the browning reaction during the stripping process can be stopped after the material comes into contact with water during soaking.
The presence of L. casei which produces cellulase enzymes can cause color changes in PK72 to become darker. According to Ikram [16] , hydrolysis of the cellulase enzyme in the β-glucosidase that breaks down cellobiose can produce glucose. The more glucose produced will cause the browning reaction to occur during drying of the material causing darker color. 
C. Water Content of modified cassava flour
Content CS-CK and PS-PK moisture content has a water content value between 10.69% to 11.87% lower than unfermented flour which is 12.61% (Figure 3 ). This is due to the ability of the material to hold water lower so that water is easily evaporated during drying. The longer the fermentation, the lower the binding capacity of the water. According to Winata [17] , granules that have swelled tend to have larger inter-cell cavities, so that during drying the water contained will be more easily released. The combination treatment of CS72 and CK48 experienced an increase in water content, namely 11.81% and 11.78% of CS48 10.92% and CK24 11.34%. An increase in water content is estimated due to more starch content. More materials containing starch have greater water retention ability.
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D. Amylose content of modified cassava flour
Amylose content of cassava flour ranged from 11.03 to 13.70% (Figure 4) . Increased amylose levels occur in PK48 (13.05%). This increase is thought to be due to the branching structure of amylopectin (debranching) resulting in oligomers with shorter polymer degrees such as amylose during the heating process. Amylose levels increase due to degradation by lactic acid. Degradation occurs inregions amorphous because acid diffuses into starch granules and attacks oxygen at the glycosidic bonds found in α-1,4 and α-1,6 so as to produce carbocationic intermediates that are unstable and can react with water in starch granules [18] .
Amylose content of cassava flour fermented by CK72, and PK72 decreased. It is possible to use amylose as a carbon source for microbial activity. Microbes convert amylose to sugar in an effort to obtain energy for its growth and activity [19] . The longer the fermentation, the more amylose is converted into simple sugars so that the amylose content in the material will decrease. During fermentation, the cassava starch granules used will undergo hydrolysis by microbes that produce monosaccharides which are then used by microbes to produce organic acids. Subagio [14] reported that there was amylase enzyme activity during the fermentation process. This shows that microbes that grow in cassava can produce amylase enzymes that can degrade amylose in cassava, so that the amylose content is lower than unfermented flour. 
E. Swelling power of modified cassava flour
Swelling power CS72 cassava flour increased with the value of 7.39%, this is because of a low amylose bond is CS72 11.03% ( Figure 5 ). According to Lindriati [18] , a high proportion of the amylopectin branch chain contributes to an increase in swelling value. Therefore, the higher the amylopectin level, the higher the developing power. The more starch granules that swell, the greater the viscosity value [14] , which causes an increase in flowering power. The same thing also happened in CK72, PK24, and PK48, where the growth power value increased with amylose levels decreasing and developing power decreased with amylose levels increasing. The growth power of CK48 cassava flour (8.83%) increased along with the increase in amylose content (13.70%). This increase occurs because amylose can form complexes with lipids in starch. According to Charles et al [20] , the low lipids in starch cause the complex between amylose and lipids to be less influential in inhibiting swelling.
F. Thermal properties of modified cassava flour
The observed thermal properties showed a decrease in temperature at T0, Tp and Tc compared to cassava flour control ( Table 1 ). The decrease in gelatinization temperature and enthalpy in CK72 compared to K, is possible because of a decrease in hydrogen bonds which can reduce the amount of energy needed to decompose and melt during gelatinization. Hydrogen bonds in starch granules function to maintain granular structure. According to Pratiwi [21] , the occurrence of cutting α-1.6 D-glycosidic bonds can increase the peak of the gelatinization temperature (Tp) and the temperature conclusion (Tc) and decrease the ΔH. However, from the results of reading the data there was a decrease in the gelatinization temperature in the fermented sample. It is possible that fermentation using L. casei cannot cut the α-1,6 D-glycosidic bond.
The value of ΔH cassava flour without fermentation (K) is 5,358 J / g which is lower than ΔH fermented cassava flour BAL culture solid (PK72) which is 6,205 J / g, while fermented cassava flour BAL immersed culture (CK72) has ΔH the lowest is 5.125 J / g. The decrease in ΔH occurs due to a decrease in arrangement and a reduction in the stability of the structure double helix in hydrogen bonds due to the gelatinization process. The higher the gelatinization temperature, the stronger the crystalline structure or the higher molecular regularity [19] v. According to Chung [23] , enthalpy (ΔH) correlates withquantities double helix and crystalline. ΔH shows the loss of thebond arrangement double helix which is one of the parameters that is strongly influenced by amylose content, chain length of amylopectin and amylose- Unfermented cassava flour (K) has a glass transition temperature range (ΔT) 7.1 ° C, narrower than fermented cassava flour which indicates crystalline homogeneity. According to Widyatmoko et al. [22] , the widening of the temperature range occurs in starch with high amylose, the temperature will increase with the increase in amylose content and water content which indicates the heterogeneity of amylopectin short chain re-formation and the formation of amylose-lipid complexes. This proves that fermented cassava flour which has a high ΔT value re-forms the α-1.6 Dglycosidic bond.
G. Amylographic profile of modified cassava flour
Observation of amylographic profile was carried out on pasting temperature, peak, trough, stability of paste (breakdown), setback and peak time ( Table 2) . Gelatinization temperature is the temperature when it starts detecting increased viscosity in the system. The highest gelatinization temperature is PK72 of 74.40 °C, then followed by K, CS72, CK72, and PS72 with a value of 4.20 °C, respectively; 73,50 °C; 72,55 °C and 72,55 °C. Gelatinization occurs due to water entering the amorphous area (amylose part). The water will increase the swelling of the granules until the granule diameter increases. Gelatinization takes place with warming that continues to increase, so that the granules break. This causes water and starch molecules (especially amylose) to come out and enter the solution system. The peak viscosity (Peak 1) shows the initial condition of the gelatinized starch granule until it reaches maximum development then gradually breaks. The peak value of the viscosity (PV) of the CK72 sample, which is 5135 cP is higher than the other samples. This is possible because of the high amylose content in CK72, which is 13.21%. Granule swelling occurs due to the opening of the amylopectin structure during fermentation resulting in an increase in amylose content which plays a role in the binding of water.
Trough viscosity is the minimum value at constant temperature which measures the ability of the paste to withstand breakdown during cooling [23] . Cassava flour fermented by CK72 has the viscosity trough highest of 2642 cP, while the viscosity of other cassava flour is lower. According to Matz [5] , amylose provides a texture that is more resistant to breakability, so that during heating the CK72 granule (amylose content 13.21%) is more resistant and constant.
The viscosity breakdown shows changes in granular structure due to heating. The highest peak viscosity of CK72 is 5135 cP but also hasviscosity breakdown a highwhich is 2493 cP. According to Alvarado [24] , a high decrease inviscosity breakdown results in more complete damage to the granule after the peak viscosity is achieved. The low viscosity breakdown shows the stability of the paste during heating. PS72 has a low breakdown viscosity which is 1869 cP, Advances in Engineering Research, volume 172 indicating the structure of starch granules is more stable during heating [22] .
Viscosity Setback is a parameter to determine the retrogradation tendency and sineresis of the paste [22] . Viscosity is Setback obtained from the difference between the final viscosity and theviscosity trough. Unfermented cassava flour has theviscosity setback highest, which is 774 cP, compared to fermented cassava flour ranging from 642-758 cP. Agustin [23] reported that the higher the viscosity setback, the higher the tendency to form gel during cooling.
The final viscosity is a parameter that defines the quality of flour. Parameters that indicate the ability of flour to form thick paste after cooking and cooling and resistance to shear forces during stirring [22] . The highest final viscosity was found in BAL submerged culture fermented flour (CK72) which was 3400 cP, while the final viscosity of flour K, PK72, CS72, and PK72 were 3263 cP, 2808 cP, 3223 cP, and 2967 cP, respectively.
Peak time is a parameter that measures the time of cooking pasta. Fermented cassava flour had a peak time of 4 minutes, fermented flour CK72, PK72, and CS72 had a higher peak time of 4.33 minutes, 4.33 minutes, and 4.07 minutes, respectively, but decreased at PS72 which was 3 , 93 minutes.
H. Water holding capacity of modified cassava flour
Water holding capacity (WHC) is the ability of starch granules to absorb and hold water during mechanical treatment. The binding capacity of cassava flour water without fermentation (K) showed the lowest value of 210%, while CS24 fermented flour showed the highest value of 326.7% ( Figure 6 ). Other improvements also occurred in the combination of CK24 (312.3%) and PK48 (310%) treatments, this was due to the large number of hydroxyl groups. According to Lindriati [18] , the hydroxyl groups in starch granules are able to bind water very strongly. The combination of CS72 treatment decreased by 286.7%. This is because during BAL fermentation produces amylase enzymes which hydrolyze amylose and short chain amylopectin. Lactic acid results from BAL can cause starch degradation during fermentation by oxidizing parts amorphous and then simultaneously hydrolyzing amylose and amylopectin [25] . Chung [26] explained the area degradation amorphous occurs because acid diffuses into starch granules and attacks oxygen at the glycosidic bonds found in α-1,4 and α-1,6 so as to produce carbocationic intermediates that are unstable and can react with water in granules starch.
I. Oil holding capacity of modified cassava flour
Oil holding capacity (OHC) is used to measure the ability of cassava flour without fermentation or fermentation in holding oil. The results of fermented cassava flour OHC measurements ranged from 513.3% to 710.3% (Figure 7) . The increase in OHC values occurred in the combination of CS24 treatments to CS48, namely from 570% to 710.3%. The increase in OHC value is thought to be the formation of amylose-lipid complexes on fermented cassava flour. Amylose-lipid complex is a form of interaction between lipids and starch. Amylose with a single helical structure with seven glucosyls for each cycle allows this interaction [27] . Oil absorption capacity in starch granules is possible because oil is trapped in a porous porous matrix which is capillary or in the helical structure of amylose or amylopectin due to the formation of amylose-lipid complexes. The binding ability of oil is influenced by lipophilic groups which envelop starch granules. Lipids which are in good starch contained in starch granules or which cover starch granules, cause starch granules to have a hydrophobic side so that they are thought to be able to bind to other components of oil or fat added from the outside [28] . Fermented cassava flour using L. casei in a submerged culture increased whiteness degree, amylose content, WHC, and OHC. Gelatinization of fermented cassava flour takes place at a lower temperature. The viscosity peak of the fermented cassava flour is higher with a longer time (4.33 minutes) than unfermented cassava flour. It's can be concluded that the fermented cassava flour fermenting by L. casei is more stable from high temperature. 
